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(54) Auxiliary Transmission 

(57) A transmission apparatus includes at least an 
auxiliary transmission for supplementing a main trans- 
mission. The auxiliary transmission includes a damper 
which has a damper characteristic adapted to a low 
speed select state of the auxiliary transmission, and 
which is disposed in a low speed transmission path used 



for transmission of torque in the low speed select state 
of the auxiliary transmission. The auxiliary transmission 
further comprises a bypass member defining a bypass 
transmission path bypassing the low speed damper. 
The bypass transmission path is a torque path used for 
transmission of torque in a high speed select state of 
the auxiliary transmission. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an auxiliary 
transmission for transmission of torque, and to a trans- 
mission system including a main transmission and an 
auxiliary transmission. 

[0002] An automatic transmission usually includes a 
torque converter having a function of speed change and 
torque multiplication and a function of absorbing torque 
fluctuation of an engine. A torsional damper mechanism 
is provided even in such an automatic transmission, for 
providing a damping function in a lockup mechanism of 
the torque converter. A toroidal continuously variable 
transmission system marketed as "Extroid CVT" by Nis- 
san Motor Co., Ltd. includes a torque converter having 
therein a torsional damper. 

SUMMARY OF THE INVENTION 

[0003] It is an object of the present invention to pro- 
vide an auxiliary transmission, and/or a transmission ap- 
paratus including at least an auxiliary transmission, 
which can be used Instead of a torque converter. Anoth- 
er object Is to provide an auxiliary transmission advan- 
tageous in damping characteristic. 
[0004] According to one aspect of the present inven- 
tion, a transmission apparatus comprises: at least an 
auxiliary transmission which is adapted to be connected 
with a main transmission. The auxiliary transmission 
comprises; a low speed damper which has a damper 
characteristic for a low speed select state of the auxiliary 
transmission, and which is disposed in a low speed 
transmission path used for transmission of torque in the 
low speed select state of the auxiliary transmission; and 
a bypass member defining a bypass transmission path 
bypassing the low speed damper. The bypass transmis- 
sion path is a torque path used fortransmission of torque 
in a high speed select state of the auxiliary transmission. 
The transmission apparatus may be the auxiliary trans- 
mission itself or may be a transmission system further 
including the main transmission. 
[0005] According to another aspect of the present In- 
vention, an auxiliary transmission for supplementing a 
main transmission, comprises: damping means for pro- 
viding a damper characteristic for a low speed select 
state of the auxiliary transmission, in a low speed trans- 
mission path used fortransmission of torque in the low 
speed select state of the auxiliary transmission; and by- 
passing means for fomning a bypass transmission path 
bypassing the low speed damper in a high speed select 
state of the auxiliary transmission. 
[0006] The other objects and features of this invention 
wilt become understood from the following description 
with reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic view showing a transmis- 
sion system according to a first embodiment of the 
5 present invention. 

[0008] FIG. 2 is a sectional view showing a half of an 
auxiliary transmission of the transmission system of 
FIG. 1. 

[0009] FIG. 3 is a schematic view showing the auxll- 
10 iary transmission of FIG. 2 in a high speed select state. 
[0010] FIG. 4 is a schematic view showing an auxiliary 
transmission according to a second embodiment. 
[001 1 ] FIG, 5 is a schematic view showing an auxiliary 
transmission according to a third embodiment. 
IS [001 2] FIG . 6 is a schematic view showing a transmis- 
sion system according to a fourth embodiment. 
[001 3] FIG. 7 is a sectional view showing an auxiliary 
transmission and a forward-reverse switching mecha- 
nism of the transmission system of FIG. 6. 
20 [0014] FIG. 8 is a schematic view showing the auxil- 
iary transmission of FIG. 7 in the high speed select state 
and the fonward-reverse switching mechanism of FIG. 
7 in a forward drive state 

[0015] FIG. 9 is a table illustrating engagement con- 
25 trol of start friction engagement element in the transmis- 
sion system of FIG. 6. 

[0016] FIG. 10 is a graph illustrating a shift pattern 
used in a transmission controller shown in FIG. 6. 
[0017] FIG. 1 1 is a schematic view showing a toroidal 
30 CVT transmission system according to a fifth embodi- 
ment of the present invention. 

[0018] FIG. 12 is a schematic view showing the toroi- 
dal CVT transmission system of FIG. 11 , with an auxil- 
iary transmission in a low speed select state. 

35 [0019] FIG. 1 3 is a schematic view showing the toroi- 
dal CVT transmission system of FIG. 11 , with the auxil- 
iary transmission in a high speed select state. 
[0020] FIG. 1 4 is a schematic view showing a toroidal 
CVT transmission system according to a sixth embodi- 

40 nnent of the present invention. 

[0021 ] FIG. 1 5 is a schematic view showing the toroi- 
dal CVT transmission system of FIG. 14, with an auxil- 
iary transmission in the low speed select state. 
[0022] FIG. 1 6 is a schematic view showing the toroi- 

45 dal CVT transmission system of FIG. 14, with the auxil- 
iary transmission in the high speed select state. 
[0023] FIG. 1 7 is a schematic view showing an auxil- 
iary transmission according to a seventh embodiment 
of the present invention. 

50 [0024] FIG. 1 8 is a schematic view showing an auxil- 
iary transmission according to an eighth embodiment of 
the present invention. 

[0025] FIG. 1 9 is a schematic view showing an auxil- 
iary transmission according to a ninth embodiment of 
55 the present invention. 

[0026] FIG. 20 is a schematic view showing a toroidal 
CVT transmission system including a conventional 
torque converter. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0027] FIG. 20 shows a toroidal CVT system accord- 
ing to earlier technology. This transmission system in- 
cludes a torque converter 2. Torque converter 2 includes 
a pump impeller 2a as power Input member, a turbine 
runner 2b as power output member, and a stator 2c as 
reaction member or reactor, mounted on a one-way 
clutch 2f . Torque converter 2 further includes a lockup 
clutch 2d for directly connecting the input and output 
members 2a and 2b in low load, high speed operations 
to improve the power transmission efficiency. A damper 
2e is provided in the torque path used in the lockup state, 
for absorbing torque fluctuation in the lockup state. 
[0028] FIG. 1 shows a transmission system according 
to a first embodiment of the present invention. In this 
embodiment, the transmission system Is a toroidal con- 
tinuously variable transmission including an auxiliary 
transmission 20 in place of a torque converter. Auxiliary 
transmission 20 is connected with a main transmission 
80 including a forward-reverse switching mechanism 4 
and a main unit or mechanism 50 which is an automatic 
transmission unit or mechanism in this embodiment. 
[0029] As shown more in detail in FIG. 2, auxiliary 
transmission 20 of the example shown in FIG. 1 includes 
a housing 21 which is connected with a prime mover 1 
through a drive plate 22. In this example, prime mover 
1 is an engine, and drive plate 22 is connected with a 
crankshaft of engine 1 . At least one of housing 21 and 
drive plate 22 serves as an input terminal member of 
auxiliary transmission 20. 

[0030] In housing 21, a planetary gear set 23 is 
mounted on an end portion of a transmission input shaft 
3 extending into housing 21 of auxiliary transmission 20. 
Planetary gear set 23 of this embodiment is a simple 
planetary gear set. A planet carrier 23c of planetary gear 
set 23 is drivlngly connected with transmission input 
shaft 3, and with a clutch hub 24h of a high speed select 
clutch 24. Transmission input shaft 3 can serve as a ter- 
minal output member of auxiliary transmission 20, for 
transmitting rotation from auxiliary transmission 20 to 
main transmission 80. 

[0031] A one-way clutch 25 is connected between a 
ring gear 23r of simple planetary gear set 23 , and a fixed 
shaft 26. One-way clutch 25 may be similar or identical 
in construction to a one-way clutch unit used for a stator 
of a conventional torque converter. In this example, one- 
way clutch 25 includes an inner race 251 fixed to fixed 
shaft 26 which is a hollow shaft fixed to a transmission 
case, and an outer race 25o connected to ring gear 23r. 
With this arrangement, one-way clutch 25 functions to 
prevent rotation of ring gear 23r in a reverse direction 
(second rotational direction) opposite to the rotational 
direction of engine 1. In this embodiment, one-way 
clutch 25 serves as a holding device for holding ring gear 
23r serving as a reaction member of planetary gear set 
23. 

[0032] High speed select clutch 24 includes the 



above-mentioned clutch hub 24h connected with carrier 
23c, and a clutch drum 24d received rotatabty in housing 
21 . Clutch drum 24d is connected through high speed 
damper 27 with housing 21 . Clutch drum 24d is further 

5 connected drivlngly through a low speed damper 28 with 
a sun gear 23s of simple planetary gear set 23. 
[0033] High speed select clutch 24 further includes a 
clutch piston 24p fit in clutch drum 24d so that clutch 
piston 24p is slidable axially in clutch drum 24d. With an 

10 oil pressure a (which can be supplied by the use of a 
lockup control fluid pressure and an oil passage (2g) in 
a conventional construction), this transmission system 
can force clutch piston 24p leftward as viewed in FIG. 
2, and engage high speed select clutch 24 to bring aux- 

is iiiary transmission 20 to a high speed select state, as 
shown in FIG. 3. In this state, clutch drum 24d and clutch 
hub 24h are engaged with each other, and rotation from 
high speed damper 27 is transmitted through carrier 23c 
to transmission Input shaft 3 (that is, terminal output 

20 member of auxiliary transmission 20) directly without 
passing through low speed damper 28. Thus, in this em- 
bodiment, high speed select clutch 24 can serve as a 
bypass member forming a bypass transmission path by- 
passing low speed damper 28. 

25 [0034] Auxiliary transmission 20 is in a low speed se- 
lect state when high speed select clutch 24 is disen- 
gaged, as shown in FIG, 1, without supply of oil pressure 
a. In this state, rotation from high speed damper 27 is 
transmitted through low speed damper 28 to sun gear 

30 23s of simple planetary gear set 23. In low speed select 
speed, high speed select clutch 24 is disengaged, and 
one-way clutch 25 holds ring gear 23r so as to prevent 
rotation in the reverse direction opposite to the rotational 
direction of engine 1 . Consequently, sun gear 23s drives 

35 carrier 23c at a reduced speed in the same rotational 
direction, and torque is transmitted to transmission input 
shaft 3 in the low speed select state for speed reduction . 
[0035] High speed damper 27 Is set to have a damper 
characteristic desired for the high speed select state, 

40 and low speed damper 28 is set to have a damper char- 
acteristic desired for the low speed select state. High 
and low speed dampers 27 and 28 are different in damp- 
er characteristic. In general, the low speed select state 
for transmitting rotation at relative low speed demands 

45 a damper having a damper characteristb of a relatively 
low stiffness, superior in the ability of absortsing torque 
fluctuation. The high speed select state for high rotation- 
al speeds demands a damper having a damper charac- 
teristic of a relatively high stiffness, superior In the du- 

50 rability. 

[0036] In this transmission system, main transmission 
80 is provided on the output (or downstream) side of 
auxiliary transmission 20. Main transmission 80 of this 
example includes, as a main component, automatic 
55 transmission mechanism 50, and fonward-reverse 
switching mechanism 4, as mentioned before. 
[0037] Forward-reverse switching mechanism 4 
shown in FIG. 1 includes a fonward clutch 4a (forward 
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friction engaging device), a reverse clutch 4b (reverse 
friction engaging device) and a simple planetary gear 

set 4c. 

[0038] Main transmission mechanism 50 of this ex- 
ample is a dual cavity toroidal CVT mechanism having 5 
a front toroidal CVT unit 5 and a rear toroidal CVT unit 
6. Each of toroidal CVT units 5 and 6 includes two power 
rollers 9 interposed between an input disk 7 and an out- 
put disk 8. Input discs 7 are connected by a main shaft 
1 0. Output discs 8 are connected back to back by a hol- 
low output shaft 11 fonned with an output gear 12. Out- 
put gear 1 2 is engaged with a counter gear 1 4 mounted 
on a front end portion of a counter shaft 13. Counter 
shaft 13 is connected through a gear set 15 by trans- 
mission output shaft 1 6 aligned with transmission Input 
shaft 3. 

[0039] Auxiliary transmission 20 according to the first 
embodiment is operated In the following manner. 
[0040] Engine rotation inputted to housing 21 reaches 
clutch drum 24d through high speed damper 27. In the 
low speed select state where high speed select clutch 
24 is disengaged, rotation to clutch drum 24d is trans- 
mitted through low speed damper 28 to sun gear 23s. 
Rotation is further transmitted from sun gear 23s to 
transmission input shaft 3 under the above-mentioned 
speed reducing operation of simple planetary gear set 
23. In the high speed select state where high speed se- 
lect clutch 24 is engaged, rotation of clutch drum 24d is 
transmitted through carrier 23c to transmission input 
shaft 3 directly without passing through low speed 
damper 28. 

[0041] In this example, can'ier23c is used as a bypass 
member for forming a bypass torque path bypassing low 
speed damper 28. Low speed damper 28 is disposed in 
a low speed torque path formed between high speed 
damper 27 and sun gear 23s. Low speed damper 28 
disposed in the low speed torque path is effective only 
in the low speed select state. Low speed damper 28 is 
ineffective as a damper In the high speed select state 
because torque Is transmitted through the bypass pas- 
sage with high speed select clutch 24 held engaged, by- 
passing low speed damper 28. Therefore, low speed 
damper 28 can be tuned to have a damper characteristic 
specifically adapted to the low speed select state. 
[0042] Housing 21 and clutch drum 24d define a com- 
mon torque path used in both the high speed select state 
and low speed select state, and high speed damper 27 
is disposed in this common torque path. This high speed 
damper 27 alone carries out the damping function in the 
high speed select state. Therefore, it Is possible to tune 
the damper characteristic of high speed damper 27 to 
the setting specifically required in the high speed select 
state. Auxiliary transmission 20 according to the first 
embodiment can fulfill the conflicting requirements of 
the high speed select state and the low speed select 
state both. 

[0043] In this example, high speed damper27 and low 
speed damper 28 are connected in series with each oth- 
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er in the low speed select state of auxiliary transmission 
20. Therefore, the torsional damper mechanism of this 
auxiliary transmission 20 can improve the sound and vi- 
bration perfonnance significantly with the damper stroke 
equaling the sum of the damper stroke of low speed 
damper 28 and the damper stroke of high speed damper 
27. 

[0044] Auxiliary transmission 20 is disposed on the in- 
put side or upstream side of toroidal CVT mechanism 
50. Therefore, the torsional damper mechanism of aux- 
iliary transmission 20 can carry out the function of ab- 
sortDlng torque fluctuation on the input side of toroidal 
CVT mechanism 50, to further improvement in the 
sound and vibration perfonnance. 
[0045] In this example, it is possible to use the torsion- 
al damper mechanism as auxiliary transmission 20 with 
no need for addition of a shaft. 

[0046] In this example, one-way clutch 25 is used for 
holding ring gear 23r of planetary gear set 23 in the low 
speed select state. The use of one-way clutch 25 for this 
purpose is advantageous in that auxiliary transmission 
20 can achieve the intended purpose without requiring 
a control action. Auxiliary transmission 20 of this exam- 
ple can be used in place of a torque converter provided 
on the input side of a conventional CVT transmission, 
for improving the transmission efficiency. 
[0047] In this embodiment, the low speed select state 
is a state for speed reduction. Therefore, auxiliary trans- 
mission 20 in the low speed select state can achieve the 
function of torque multiplication like a conventional 
torque converter. Moreover, low speed damper 28 and 
high speed damper 27 can achieve the damping func- 
tion comparable to the torque fluctuation absorbing 
function of a torque converter. This auxiliary transmis- 
sion 20 can provide the effects of torque multiplication 
and absorption of torque fluctuation with no torque con- 
verter. 

[0048] Auxiliary transmission 20 having the low speed 
select state for speed reduction is advantageous in a 
start control of forward clutch 4a or reverse brake 4b of 
forward reverse switching mechanism 4, as explained 
more in detail with reference to FIGS. 6--10. 
[0049] FIG. 4 shows an auxiliary transmission 20 ac- 
cording to a second embodiment of the present inven- 
tion. In the second embodiment, unlike the first embod- 
iment, low speed damper 28 is connected with ring gear 
23r of simple planetary gear set 23, and one-way clutch 
25 is connected between sun gear 23s of simple plan- 
etary gear set 23 and hollow fixed shaft 26. High speed 
damper 27 is disposed on the upstream side closer to 
engine 1 , and low speed damper 28 is disposed on the 
downstream side remoter from engine 1 , as in the first 
embodiment. A junction portion between both dampers 
27 and 28 is connected through high speed select clutch 
24 and carrier 23c of simple planetary gear set 23, to 
transmission input shaft 3. One-way clutch 25 acts to 
hold sun gear 23s when high speed select clutch 24 is 
disengaged. 
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[0050] In the low speed select state where high speed 
select clutch 24 is disengaged, engine rotation Is trans- 
mitted through high speed damper 27 and low speed 
damper 28, to ring gear23r In simple planetary gear set 
23, sun gear 23s serves as a reaction element since sun 
gear 23s is held by one-way clutch 25 so as to prevent 
rotation in the reverse direction opposite to the rotational 
direction of engine 1 . Therefore, rotation is further trans- 
mitted from ring gear 23r to carrier 23c under the speed 
reducing operation of planetary gear set 23. Thus, aux- 
iliary transmission 20 can transmit driving torque in the 
low speed select state to transmission input shaft 3. 
[0051] In the high speed select state where high 
speed select clutch 24 is engaged, engine rotation 
transmitted through high speed damper 27 is transmit- 
ted through carrier 3c to transmission input shaft 3 di- 
rectly without passing through low speed damper 28. 
[0052] Low speed damper 28 disposed in the low 
speed torque path used in the low speed select state 
acts to perform the damping function only in the low 
speed select state. Low speed dam per 28 does not func- 
tion as a damper in the high speed select state in which 
driving torque is transmitted through high speed select 
clutch 24 bypassing low speed damper 28. Therefore, 
low speed damper 28 can be tuned to a damper char- 
acteristic specifically adapted to the low speed select 
state. 

[0053] In the high speed select state, the damping 
function is achieved only by high speed damper 27 dis- 
posed in the common torque path used for both of the 
high speed select state and low speed select state. 
Therefore, high speed damper 27 can be tuned to the 
setting specifically required in the high speed select 
state. Auxiliary transmission 20 according to the second 
embodiment can fulfill the conflicting requirements of 
the high speed select state and the low speed select 
speed both. 

[0054] The series arrangement of high speed damper 
27 and low speed damper 28 in the low speed select 
state can improve the sound and vibration perfonnance 
significantly with the damper stroke equaling the sum of 
the damper stroke of low speed damper 28 and the 
damper stroke of high speed damper 27. Auxiliary trans- 
mission 20 on the input side or upstream side of toroidal 
CVT transmission 50 can further improve the sound and 
vibration performance by carrying out the function of ab- 
sorbing torque fluctuation on the input side. The torsion- 
al damper mechanism can be used as auxiliary trans- 
mission 20 with no need for addition of a shaft. The use 
of one-way clutch 25 for holding sun gear 23s in the low 
speed select state can eliminate the need for special 
control system. Auxiliary transmission 20 of this exam- 
ple can be used in place of a torque converter provided 
on the input side of a conventional CVT transmission, 
for improving the transmission efficiency. Auxiliary 
transmission 20 can provide the effects of torque multi- 
plication and absorption of torque fluctuation with no 
torque converter. 



[0055] FIG. 5 shows an auxiliary transmission 20 ac- 
cording to a third embodiment of the present invention. 
The third embodiment employs a double pinion plane- 
tary gear set 29 instead of simple planetary gear set 23. 

5 [0056] A carrier 29c of double pinion planetary gear 
set 29 is connected through low speed damper 28 and 
high speed damper 27. to engine 1 . High speed damper 
27 is at a position closer, in the torque path, to engine 
1 . Moreover, high speed select clutch 24 is connected 

10 between a ring gear 29r of double pinion planetary gear 
set 29 and a portion of a transmission path between 
these dampers 27 and 28. This ring gear 29r is connect- 
ed to a transmission input shaft 3. A low speed select 
brake 30 is disposed between a sun gear 29s of double 

IS pinion planetary gear set 29, and a stationary member, 
so that sun gear 29s can be held by low speed select 
brake 30. 

[0057] The thus-constructed auxiliary transmission 
20 is in the low speed select state when low speed select 

20 brake 30 is engaged to hold sun gear 29s, and high 
speed select clutch 24 is disengaged. In this low speed 
select state, rotation of engine is transmitted through 
high speed damper 27 and low speed damper 28, to car- 
rier 29c, and rotation is further transmission from carrier 

25 29c to ring gear 29r at a reduced speed by using, as a 
reaction member, sun gear 29s held by low speed select 
brake 30. Thus, auxiliary transmission 20 of FIG. 5 can 
transmit driving torque to transmission input shaft 3 in 
the speed reduction mode when auxiliary transmission 

30 20 Is in the low speed select state. In the high speed 
'select state where high speed select clutch 24 Is en- 
gaged, engine rotation is transmitted directly to trans- 
mission input shaft 3 through the torque path bypassing 
low speed damper28. 

35 [0058] Low speed damper 28 disposed in the low 
speed torque path used only in the low speed select 
state acts to perfonm the damping function only in the 
low speed select state. Low speed damper 28 does not 
function as a damper in the high speed select state in 

40 which driving torque is transmitted through high speed 
select clutch 24 bypassing low speed damper 28. There- 
fore, low speed damper 28 can be tuned to a damper 
characteristic specifically adapted to the low speed se- 
lect state. 

45 [0059] In the high speed select state, the damping 
function is achieved only by high speed damper 27 dis- 
posed in the common torque path used for both of the 
high speed select state and low speed select state. 
Therefore, high speed damper 27 can be tuned to the 

50 setting specifrcally required in the high speed select 
state. Auxiliary transmission 20 according to the third 
embodiment can fulfill the conflicting requirements of 
the high speed select state and the low speed select 
speed both. 

55 [0060] The series arrangement of high speed damper 
27 and low speed damper 28 in the low speed select 
state can improve the sound and vibration performance 
significantly with the damper stroke equaling the sum of 
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the damper stroke of low speed damper 28 and the 
damper stroke of high speed damper 27. Auxiliary trans- 
mission 20 on the input side or upstream side of toroidal 
CVT transmission 50 can further improve the sound and 
vibration perfomnance by canying out the function of ab- 
sorbing torque fluctuation on the input side. The torsion- 
al damper mechanism can be used as auxiliary trans- 
mission 20 with no need for addition of a shaft. The use 
of one-way clutch 25 for holding sun gear 23s in the low 
speed select state can eliminate the need for special 
control system. Auxiliary transmission 20 of this exam- 
ple can be used in place of a torque converter provided 
on the input side of a conventional CVT transmission, 
for improving the transmission efficiency. Auxiliary 
transmission 20 can provide the effects of torque multi- 
plteatlon and absorption of torque fluctuation with no 
torque converter. 

[0061] FIGS. 6—10 show a transmission system ac- 
cording to a fourth embodiment of the present invention. 
[0062] Auxiliary transmission 20 and main transmis- 
sion 80 including fonward-reverse switching mechanism 
4 and toroidal CVT mechanism 50 are substantially 
identical to those shown in FIG. 1 . 
[0063] Forward-reverse switching mechanism 4 
shown in FIGS. 6-8 includes a fonward clutch 4a. a re- 
verse brake 4b and a simple planetary gear set 4c as in 
the first embodiment. 

[0064] Forward clutch (forward friction engaging de- 
vice) 4a, when engaged by fluid pressure p, connects a 
sun gear 4d and a ring gear 4e of planetary gear set 4c 
drivingly, and thereby transmits rotation from transmis- 
sion input shaft 3 directly to sun gear 4d connected with 
the next toroidal CVT mechanism 50. Therefore, this 
transmission system is in a state for forward driving in 
D range. 

[0065] Reverse brake (reverse friction engaging de- 
vice) 4b, when engaged by fluid pressure y, holds a car- 
rier 4f of simple planetary gear set 4c, and enables 
transmission of input rotation of transmission input shaft 
3, from sun gear 4d to toroidal transmission mechanism 
50 at a reduced speed in the reverse direction. The 
transmission system is in a state for backward driving 
in R range. 

[0066] For stopping and parking in N and P ranges, 
forward clutch 4a and reverse brake 4b are both disen- 
gaged, so that rotation of transmission input shaft 3 Is 
not transmitted to toroidal CVT unit 50. 
[0067] A transmission controller 32 controls auxiliary 
transmission 20, fonward-reverse switching mechanism 
4 and toroidal CVT unit 50 with a control valve body 31 . 
Specifically, transmission controller 32 controls forward 
clutch 4a and reverse brake 4b of fonward-reverse 
switching mechanism 4. and high speed select clutch 
24 of auxiliary transmission 20. 
[0068] Information on various operating conditions is 
collected by a sensor section (or input section) and sup- 
plied to transmission controller 32. In this embodiment, 
the sensor section includes the following sensors. 
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[0069] An engine speed sensor 33 senses an engine 
speed Ne of engine 1 . A throttle position sensor 34 sens- 
es a throttle opening degree TVO of engine 1 . An idle 
switch 35 senses an idling condition, bytumingon when 
5 an accelerator pedal is released. A brake switch 36 
senses a braking condition of the vehicle by turning on 
when a brake pedal is depressed. A vehicle speed sen- 
sor 37 senses a vehicle speed VSR Signals from these 
sensors and switches are supplied to transmission con- 
to troller 32. 

[0070] Auxiliary transmission 20 is operated in the 
same manner as in the first embodiment shown in FIGS. 
1 -3. Rotation transmitted to transmission input shaft 3 
by auxiliary transmission 20 in the low speed select state 
15 or in the high speed select state is further transmitted to 
toroidal CVT mechanism 50 when forward clutch 4a Is 
engaged by the supply of fluid pressure p. Toroidal CVT 
mechanism 50 perfomis the speed varying operation 
and delivers output rotation from transmission output 
20 shaft 16. 

[0071 ] Transmission controller 32 performs start con- 
trol and shift control in the following manner 
[0072] For starting, transmission controller 32 puts 
auxiliary transmission 20 In the low speed select state 

25 for speed reduction by disengaging high speed select 
clutch 24, and then brings main transmission 80 from 
the neutral state in which forward clutch 4a and reverse 
brake 4b are both disengaged, to the forward or reverse 
drive state by controlling engagement of the start friction 

30 engaging element which is f onward clutch 4a in the case 
of forward start in D range, and which is reverse brake 
4b in the case of reverse start in R range. 
[0073] Transmission controller 32 controls the start 
friction engaging element (4a or 4b in this example) as 

35 shown in FIG. 9. In the case of fonward starting opera- 
tion , the transmission system is operated in the following 
manner. 

[0074] When idle switch 35 is ON in D range because 
of accelerator pedal being not yet depressed, and brake 

40 switch 36 is also ON because of the brake pedal being 
depressed: In this case, if the vehicle is in a stop state 
in which vehicle speed VSP is lower than 5 km/h, trans- 
mission controller 32 still holds the toroidal transmission 
in the neutral state by fully disengaging forward clutch 

45 4a. If vehicle speed VSP Is in the range of 5 KnrV 
h~15Knri/h, transmission controller 32 puts forward 
clutch 4a in an engagement start ready state in which 
compression of return spring 4g shown in FIG. 7 ends, 
and a loss stroke of the clutch ends (initial control). The 

50 engagement start ready state is a state of the start fric- 
tion engagement element just before a start of engage- 
ment. If vehicle speed VSP Is higher than or equal to 1 5 
Km/h, then transmission controller 32 fully engages for- 
ward clutch 4a and thereby puts the toroidal CVT trans- 

55 mission system in the nonnal driving state in which the 
transmission system can transmit torque in D range at 
a speed ratio on a low side with auxiliary transmission 
20 in the low speed select state and main transmission 
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80 in the normal driving state. 
[0075] When idle switch 35 is ON in D range because 
of accelerator pedal being not yet depressed, but bralce 
switch 36 turns OFF because of the brake pedal being 
released to cancel the application of brake: In this case, 5 
transmission controller 32 starts the initial control to put 
forward clutch 4a in the engagement start ready state 
in which return spring 4g shown in FIG. 7 Is fully com- 
pressed, and a loss stroke of the clutch ends, from the 
stop state in which vehicle speed VSP is lower than 5 
km/h. If vehicle speed VSP is In the range of 5 Km/ 
h~15Km/h, transmission controller 32 performs a slip- 
ping engagement control to increase the degree of en- 
gagement of forward clutch 4a gradually from the en- 
gagement start ready state. If vehicle speed VSP ex- 
ceeds 1 5 Km/h, then transmission controller 32 fully en- 
gages forward clutch 4a and thereby puts the toroidal 
CVT transmission system in the normal driving state in 
which the transmission system can transmit torque in D 
range at a speed ratio on the low side with auxiliary 
transmission 20 in the low speed select state and main 
transmission 80 in the normal driving state. 
[0076] When Idle switch 35 turns OFF in D range in 
response to depression of the accelerator pedal, and 
brake switch 36 is ON because of the brake pedal being 
depressed: In this case, transmission controller 32 per- 
forms the slipping engagement control to increase the 
degree of engagement of forward clutch 4a gradually 
even in the stop state of VSP<5 km/h. In the vehicle 
speed range of 5 Km/h'-15Km/h, transmission control- 
ler 32 continues the slipping engagement control and 
further increases the degree of engagement of forward 
clutch 4a. If vehicle speed VSP exceeds 1 5 Km/h, then 
transmission controller 32 fully engages forward clutch 
4a and thereby puts the toroidal CVT transmission sys- 
tem in the nonnal driving state In which the transmission 
system can transmit torque In D range at a speed ratio 
on the low side with auxiliary transmission 20 in the low 
speed select state and main transmission 80 in the nor- 
mal driving state. 

[0077] When idle switch 35 is OFF in D range because 
of depression of accelerator pedal, and brake switch 36 
is also OFF because of the brake pedal being released: 
In this case, transmission controller32 perfonns the slip- 
ping engagement control to increase the degree of en- 
gagement of forward clutch 4a gradually, from the stop 
state of VSP<5 km/h. In the vehicle speed range of 5 
Km/h'-ISKm/h, transmission controller 32 fully engag- 
es forward clutch 4a, and thereby puts the toroidal CVT 
transmission system in the normal driving state in which 
the transmission system can transmit torque in D range 
at a speed ratio on the low side with auxiliary transmis- 
sion 20 in the low speed select state and main transmis- 
sion 80 in the normal driving state. If vehicle speed VSP 
is higher than or equal to 15 KnVh, then transmission 
controller 32 maintains the full engagement state of for- 
ward clutch 4a and thereby holds the toroidal CVT trans- 
mission system in the normal driving state. 
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[0078] In N and P ranges, transmission controller 32 
holds the toroidal CVT transmission system in the neu- 
tral state by full disengagement of fonward clutch 4a and 
reverse brake 4b, without regard to whether the accel- 
erator pedal is released or depressed (whether idle 
switch 35 is ON or OFF, that is), and without regard to 
whether the brake pedal is depressed or not (whether 
brake switch 36 is ON or OFF. that is). 
[0079] After the toroidal CVT transmission system is 
brought to the normal driving state in D range, transmis- 
sion controller 32 determines a target input speed Ne* 
in accordance with vehicle speed VSP and throttle 
opening TVO by using a shift control map as shown in 
FIG. 1 0. and controls the speed ratio of first and second 
toroidal CVT units 5 and 6 so as to reduce the deviation 
of actual engine speed Ne sensed by sensor 33 from 
the target input speed Ne*. By using the shift control 
map of FIG. 10, transmission controller 32 checks 
whether the operating point determined from vehicle 
speed VSP and throttle opening TVO is in a low speed 
select region to put auxiliary transmission 20 in the low 
speed select state, or tn a high speed select region to 
put auxiliary transmission 20 in the high speed select 
state. 

[0080] If the operating point is in the low speed select 
region, then transmission controller 32 puts auxiliary 
transmission 20 In the low speed select state 24 by dis- 
engagement of high speed select clutch, and performs 
the above-mentioned start control while holding auxilia- 
ry transmission 20 in the low speed select state. If it is 
judged that the operating point enters the high speed 
select region beyond a region of hysteresis, transmis- 
sion controller 32 shifts auxiliary transmission 20 to the 
high speed select state by engaging high speed select 
clutch 24 as shown in FIG. 8, and enables the shift con- 
trol as shown in FIG. 10 with auxiliary transmission 20 
in the high speed select state and forward clutch 4a held 
engaged. 

[0081] In the fourth embodiment, the start control is 
performed by holding auxiliary transmission 20 in the 
low speed select state for speed reduction, and increas- 
ing the degree of engagement of the start friction ele- 
ment (which is forward clutch 4a in the case of D range, 
and which is reverse brake 4b in the case of R range) 
to bring toroidal CVT mechanism 50 of main transmis- 
sion 80 from the neutral state to the drive state, as 
shown in FIG. 9. Therefore, this automatic transmission 
system enables starting operations similar to operations 
in a manual transmission, and eliminates the need for a 
torque converter to solve the problem of transmission 
efficiency caused by the involvement of torque convert- 
er. 

[0082] Auxiliary transmission 20 is held in the low 
speed select state in starting operation. Therefore, aux- 
iliary transmission 20 can perform the function of torque 
multiplrcation like a torque converter, and avoid the 
problem of decrease in driving performance caused 
when an electromagnetic clutch is employed. Auxiliary 
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transmission 20 in the low speed select state or speed 
reduction state can decrease the speed of Input rotation 
to the start friction element (4a or 4b). Therefore, this 
transmission system can improve the durability of the 
start friction element and facilitates the engagement 
control of the start friction element. 
[0083] In the fourth embodiment, the transmission 
system shown in FIG. 6 is a control system including 
transmission controller 32. According to the fourth em- 
bodiment, a transmission apparatus is a transmission 
system for a vehicle, and the transmission apparatus 
comprises at least; a main transmission Including a fric- 
tion element which is disengaged when the main trans- 
mission is in a neutral state and which is engaged when 
the main transmission in a drive state; and an auxiliary 
transmission including a selecting device which is in a 
first device state when the auxiliary transmission is in a 
low speed select state for transmitting rotation to the 
main transmission in a speed reduction mode, and 
which Is a second device state when the auxiliary trans- 
mission in a high speed select state for transmitting ro- 
tation to the main transmission in a higher speed mode. 
For example, the auxiliary transmission may be any one 
of the various auxiliary transmissions 20 and 20' dis- 
closed in the illustrated embodiments. The transmission 
apparatus further comprises a controlling section to con- 
trol the friction element to start the vehicle while putting 
the auxiliary transmission in the low speed select state. 
The controlling section may include transmission con- 
troller 32. The controlling section may further include 
control valve body 31 and various sensors such as items 
33-37. 

[0084] The transmission apparatus may be arranged 
so that: The main transmission comprises an automatic 
transmission mechanism, and a fonvard-reverse 
switching mechanism which is connected between the 
auxiliary transmission and the automatic transmission 
mechanism. The forward-reverse switching mechanism 
comprises a forward friction engaging device to put the 
main transmission in a fonward drive state when the for- 
ward friction engaging device is engaged, and a reverse 
friction engaging device to put the main transmission in 
a reverse drive state when the reverse friction engaging 
device is engaged, and to put the main transmission In 
the neutral state when the fonward friction engaging de- 
vice and the reverse friction engagement device are 
both disengaged. The controlling section may be con- 
figured to control the main transmission from the neutral 
state to the forward drive state to start the vehicle for- 
ward, by bringing the friction element which is the for- 
wand friction engaging device from an disengagement 
state to an engagement state while the auxiliary trans- 
mission is in the low speed select state. 
[0085] FIGS. 11,12 and 13 show a transmission sys- 
tem according to a fifth embodiment of the present In- 
vention. In the first embodiment, carrier 23c of planetary 
gear set 23 is used as a torque path in both of the high 
speed select (direct drive) state and the low speed se- 



lect (speed reduction) state of auxiliary transmission 20, 
and hence each pinion shaft 23t must always bear the 
load. Therefore, specifically in the case of a high output 
engine, this an-angement can deteriorate the durability 
5 of pinion shafts 23t, and decrease the life span of aux- 
iliary transmission 20. The use of thick pinion shafts can 
complicate the requirements of pinions 23p and in- 
crease the size of the planetary gear set in auxiliary 
transmission 20. 
10 [0086] Auxiliary transmission 20 shown in FIG. 11 is 
designed to meet this problem. In the example of FIG. 
11 , sun gear 23s of simple planetary gear set 23 is an 
input member to which rotation of high speed damper 
27 is inputted, ring gear 23r is a reaction member held 
15 by one-way clutch 25 so as to prevent rotation in the 
reverse direction opposite to the engine rotational direc- 
tion, and canier 23c is an output member from which 
rotation is delivered to transmission input shaft 3. 
[0087] Low speed damper 28 Is connected between 
20 carrier 23c and transmission input shaft 3 (temninal out- 
put member of auxiliary transmission 20). High speed 
select clutch 24 is arranged coaxially between sun gear 
23s serving as input member receiving rotation from 
high speed damper 27, and transmission input shaft 3 
25 (temiinal output member of auxiliary transmission 20) 
for connection and disconnection between sun gear 23s 
and transmission input shaft 3. Clutch hub 24h of high 
speed select clutch 24 is so connected as to receive ro- 
tation from high speed damper 27, sun gear 23s is con- 
30 nected with clutch hub 24h, and clutch dmm 24d of high 
speed select clutch 24 is connected with transmission 
input shaft 3 so that clutch drum 24d and transmission 
input shaft 3 rotate together. 

[0088] When high speed select clutch 24 is disen- 
35 gaged, rotation from high speed damper 27 is transmit- 
ted, as shown by solid lines In FIG. 12, through clutch 
hub 24h to sun gear 23s. Sun gear 23s drives earner 
23c at reduced speed In the same direction by the aid 
of ring gear 23r serving as reaction member held by one- 
40 way clutch 25 so as to prevent reverse rotation opposite 
to the engine rotational direction. From carrier 23c, ro- 
tation is further transmitted through low speed damper 
28 to transmission input shaft 3. Thus, auxiliary trans- 
mission 20 can transmit torque in the speed reduction 
45 rnode of the low speed select state. 

[0089] When high speed select clutch 24 is engaged, 
rotation from high speed damper 27 is transmitted di- 
rectly to transmission input shaft 3, as shown by solid 
lines in FIG. 13, through the torque path bypassing car- 
50 rier 23c and low speed damper 28. Thus, auxiliary trans- 
mission 20 can transmit torque in the direct drive mode 
of the high speed select state without using carrier 23c 
and low speed damper 28 as torque path. 
[0090] The transmission system of FIGS, 11-13 can 
55 provide the same effects as in the preceding embodi- 
ments. Moreover, the transmission system of FIGS. 
11—13 can improve the durability of pinion shafts 23t 
and the life span of auxiliary transmission 20. Pinion 



8 



1258658A2 J_ > 



15 



EP 1 258 658 A2 



16 



shafts 23t contribute to power transmission only in the 
low speed select state shown by solid lines in FIG. 12. 
Pinion shafts 23t do not participate in power transmis- 
sion in the high speed select state shown by solid lines 
in FIG. 13, Therefore, pinion shafts 23t need not bear 
load in the high speed select state. This embodiment 
can prevent decrease in the durability of pinion shafts 
23t and decrease In the life of auxiliary transmission 20, 
and eliminates the need for larger-diameter pinion 
shafts. 

[0091] FIGS. 14, 15 and 16 show a transmission sys- 
tem according to a sixth embodiment of the present in- 
vention. The transmission system of the sixth embodi- 
ment is also designed to improve the durability of pinion 
shafts 23t. 

[0092] In auxiliary transmission 20 shown in FIG. 14. 
ring gear 23r of simple planetary gear set 23 is an input 
member to which rotation of housing 21 is inputted, sun 
gear 23s is a reaction member held by one-way clutch 
25 so as to prevent rotation in the reverse direction op- 
posite to the engine rotational direction, and carrier 23c 
is an output member from which rotation is delivered to 
transmission input shaft 3. 

[0093] Low speed damper 28 is connected between 
ring gear 23r and housing 21 . High speed damper 27 is 
connected between carrier 23c and transmission input 
shaft 3. High speed select clutch 24 Is connected be- 
tween housing 21 and high speed damper 27 (carrier 
23c), and arranged to achieve connection and discon- 
nection between housing 21 (serving as the tenninal in- 
put member of auxiliary transmission 20) and transmis- 
sion input shaft 3 (serving as the terminal output mem- 
ber of auxiliary transmission 20). 
[0094] When high speed select clutch 24 is disen- 
gaged, rotation of housing 21 is transmitted, as shown 
by solid lines in FIG. 15, through low speed damper 28, 
to ring gear 23r. Ring gear 23r drives carrier 23c at re- 
duced speed in the same direction by the aid of sun gear 
23r serving as reaction member held by one-way clutch 
25 so as to prevent reverse rotation opposite to the en- 
gine rotational direction. From carrier 23c, rotation isfur- 
thertransmitted through high speed damper 27 to trans- 
mission input shaft 3. Thus, auxiliary transmission 20 
can transmit torque in the speed reduction mode of the 
low speed select state. 

[0095] When high speed select clutch 24 is engaged, 
rotation of housing 21 is transmitted through high speed 
select clutch 24 and high speed damper 27, to transmis- 
sion input shaft 3, as shown by solid lines in FIG. 16, 
through the torque path bypassing low speed damper 
28 and carrier 23c. Thus, auxiliary transmission 20 can 
transmit torque in the direct drive mode of the high 
speed select state without using low speed damper 28 
and carrier 23c as torque path. 
[0096] The transmission system of FIGS. 14-16 can 
provide the same effects as in the first embodiment. 
Moreover, the transmission system of FIGS. 14—16 can 
improve the durability of pinion shafts 23t and the life 



span of auxiliary transmission 20 as in the fifth embod- 
iment. Pinion shafts 23t contribute to power transmis- 
sion only in the low speed select state shown by solid 
lines in FIG. 15. Pinion shafts 23t do not participate in 

5 power transmission in the high speed select state shown 
In FIG. 16, Therefore, pinion shafts 23t need not bear 
load in the high speed select state. This embodiment 
can prevent decrease in the durability of pinion shafts 
23t and decrease in the Tif e of auxiliary transmission 20, 

10 and eliminates the need for thicker pinion shafts. 

[0097] In the first, second, fourth, fifth and sixth em- 
bodiments, carrier 23c is used as the output member of 
simple planetary gear set 23, one of sun gear 23s and 
ring gear 23r is the input member, and the other of sun 

15 gear 23s and ring gear 23r is the reaction member held 
by one-way clutch 25 in a mannerto preventthe reaction 
member from rotating in the reverse rotational direction 
opposite to the engine rotational direction in the low 
speed select state. High speed select clutch 24 is ar- 

20 ranged to engage any two of the three rotating members 
23c, 23s and 23r of simple planetary gear set 23, and 
the reaction member is rotatable by free wheeling of 
one-way clutch 25 in the high speed select state. There- 
fore, auxiliary transmission 20 can be used in place of 

25 a torque converter or an electromagnetic clutch, without 
the need of adding another shaft, compactly in an auto- 
matic transmission. 

[0098] FIG. 17 shows an auxiliary transmission 20* 
according to a seventh embodiment of the present in- 
30 vention. Auxiliary transmission 20' can be used in place 
of auxiliary transmission 20 In the first embodiment 
shown in FIGS. 1 —3 or in the third ennbodiment shown 
in FIGS. 6-10. 

[0099] Auxiliary transmission 20' of FIG. 17 includes 
35 a simple planetary gear set 23, a common damper 41 
used for both the high speed select state and low speed 
select state, a high speed select clutch 24 and a one- 
way clutch 25. 

[0100] Planet carrier 23c of simple planetary gear set 

40 23 is connected with transmission input shaft 3 (terminal 
output member of auxiliary transmission 20'). Common 
damper 41 is connected between ring gear 23r and 
housing 21 (which can serve as temninal input member 
of auxiliary transmission 20'). One-way clutch 25 is con- 

45 nected between sun gear 23s and hollow fixed shaft 26 , 
and arranged to prevent rotation In the reverse direction 
opposite to the engine rotational direction. 
[0101] High speed select clutch 24 is connected be- 
tween carrier 23c and ring gear 23r of simple planetary 

50 gear set 23. When high speed select clutch 24 is en- 
gaged, cannier 23c and ring gear 23r are connected to- 
gether, and the three rotating elements (sun gear, ring 
gear and planet carrier) of simple planetary gear set 23 
are in the interlocked state. It is possible to put planetary 

55 gear set 23 in the interiocked state by engaging any two 
of the three rotating members of the planetary gear set. 
[0102] When high speed select clutch 24 is disen- 
gaged, engine rotation is transmitted through common 
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damper 41 to ring gear23r, and ring gear 23r drives car- 
rier 23c at a reduced speed with the aid of sun gear 23s 
serving as the reaction member held by one-way clutch 
25 to prevent rotation in the reverse direction. Auxiliary 
transmission 20' can transmit rotation to main transmis- 
sion 80 in the speed reduction mode of the low speed 
select state. 

[0103] When high speed select clutch 24 is engaged, 
engine rotation Is transmitted through common damper 

41 , and further transmitted through carrier 23c to trans- 
mission input shaft 3 in the direct drive mode of the high 
speed select state. 

[0104] In the seventh embodiment, too, carrier 23c is 
used as the output member of simple planetary gear set 
23, one of sun gear 23s and ring gear 23r is the input 
member, and the other of sun gear 23s and ring gear 
23r is the reaction member held by one-way clutch 25 
in a manner to prevent the reaction member from rotat- 
ing in the reverse rotational direction opposite to the en- 
gine rotational direction in the low speed select state. 
High speed select clutch 24 is arranged to engage any 
two of the three rotating members 23c, 23s and 23r of 
simple planetary gear set 23, and the reaction member 
is rotatable by free wheeling of one-way clutch 25 in the 
high speed select state. Therefore, auxiliary transmis- 
sion 20' according to the seventh embodiment can be 
used in place of a torque converter or an electromag- 
netic clutch, without the need of adding another shaft, 
compactly in an automatic transmission. 
[0105] FIG. 18 shows an auxiliary transmission 20' 
according to an eighth embodiment of the present in- 
vention. Auxiliary transmission 20' can be used in place 
of auxiliary transmission 20 in the first embodiment 
shown In FIGS. 1 -3 or in the third embodiment shown 
in FIGS. 6-10. 

[0106] In auxiliary transmission 20' of FIG. 18, the 
planetary gear set is a double pinion planetary gear set 

42. Ring gear 42r of double pinion planetary gear set 42 
is connected with transmission Input shaft 3 (temninal 
output member of auxiliary transmission 20'). Common 
damper 41 is connected between sun gear 42s and 
housing 21 (which can serve as terminal input member 
of auxiliary transmission 20'). One-way clutch 25 is con- 
nected between carrier 42c and hollow fixed shaft 26, 
and arranged to prevent rotation in the reverse direction 
opposite to the engine rotational direction. 

[0107] High speed select clutch 24 is connected be- 
tween earner 42c and sun gear 42s of double pinion 
planetary gear set 42. When high speed select clutch 
24 is engaged, carrier 42 and sun gear 42s are connect- 
ed together, and the three rotating elements (sun gear, 
ring gear and planet carrier) of double pinion planetary 
gear set 42 are in the interlocked state. It is possible to 
arrange high speed select clutch 24 between any two of 
the three rotating members of double pinion planetary 
gear set 42, to put double pinion planetary gear set 42 
in the interiocked state by engaging any two of the three 
rotating members of the planetary gear set. 
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[0108] When high speed select clutch 24 is disen- 
gaged, engine rotation is transmitted through common 
damper 41 to sun gear 42s, and sun gear 42s drives 
ring gear 42r at a reduced speed with the aid of carrier 

5 42c serving as the reaction member held by one-way 
clutch 25 to prevent rotation In the reverse direction. 
Auxiliary transmission 20' of FIG. 18 can transmit rota- 
tion to main transmission 80 in the speed reduction 
mode of the low speed select state. 

10 [0109] When high speed select clutch 24 is engaged, 
engine rotation is transmitted through common damper 

41 , and further transmitted, through the double pinion 
planetary gear set 42 in the interiocked state, to trans- 
mission input shaft 3 in the direct drive mode of the high 

15 speed select state. 

[0110] FIG. 19 shows an auxiliary transmission 20' 
according to a ninth embodiment of the present inven- 
tion. Auxiliary transmission 20' can be used in place of 
auxiliary transmission 20 in the first embodiment shown 

20 in FIGS. 1—3 or in the third embodiment shown in FIGS. 
6-10. 

[0111] In auxiliary transmission 20' of FIG. 19. too, the 
planetary gear set is a double pinion planetary gear set 

42. Ring gear 42r of double pinion planetary gear set 42 
25 is connected with transmission input shaft 3 (terminal 

output member of auxiliary transmission 20'). Common 
damper 41 is connected between carrier 42c and hous- 
ing 21 (which can serve as terminal input member of 
auxiliary transmission 20'), so that engine rotation is in- 

30 putted to carrier 42c. One-way clutch 25 is connected 
between sun gear 42s and hollow fixed shaft 26, and 
arranged to prevent rotation in the reverse direction op- 
posite to the engine rotational direction. 
[0112] High speed select clutch 24 Is connected be- 

35 tween carrier 42c and sun gear 42s of double pinion 
planetary gear set 42. When high speed select clutch 
24 is engaged, carrier 42 and sun gear 42s are connect- 
ed together, and the three rotating elements (sun gear, 
ring gear and planet carrier) of double pinion planetary 

40 gear set 42 are in the interiocked state. It is possible to 
arrange high speed select clutch 24 between any two of 
the three rotating members of double pinion planetary 
gear set 42, to put double pinion planetary gear set 42 
in the Interiocked state by engaging any two of the three 

45 rotating members of the planetary gear set. 

[0113] When high speed select clutch 24 is disen- 
gaged, engine rotation is transmitted through common 
damper 41 to carrier 42c, and carrier 42c drives ring 
gear 42r at a reduced speed with the aid of sun gear 42s 

50 serving as the reaction member held by one-way clutch 
26 to prevent rotation In the reverse direction. Thus, aux- 
iliary transmission 20' of FIG. 19 can transmit rotation 
to main transmission 80 in the speed reduction mode of 
the low speed select state. 

55 [01 1 4] When high speed select clutch 24 is engaged, 
engine rotation is transmitted through common damper 
41, and further transmitted, through the double pinion 
planetary gear set 42 in the interiocked state, to trans- 
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mission input shaft 3 in the direct drive mode of the high 
speed select state. 

[0115] In the eighth and ninth embodiments of FIG. 
18 and FIG. 1 9, ring gear42r is used as the output mem- 
ber of double pinion planetary gear set 42, one of sun 
gear 42s and earner 42c is the input member, and the 
other of sun gear42s and carrier 42c is the reaction 
member held by one-way clutch 25 in a manner to pre- 
vent the reaction member from rotating in the reverse 
rotational direction opposite to the engine rotational di- 
rection In the low speed select state. High speed select 
clutch 24 Is arranged to engage any two of the three 
rotating members 42c, 42s and 42r of double pinion 
planetary gear set 42, and the reaction member is rotat- 
able by free wheeling of one-way clutch 25 in the high 
speed select state. Therefore, auxiliary transmission 20* 
according to the eighth or ninth embodiments can be 
used in place of a torque converter or an electromag- 
netic clutch. 

[0116] In each of the illustrated embodiments, the 
main transmission may be transmissions of various oth- 
er types. For example, the main transmission Is a con- 
tinuously variable transmission of a type other than the 
toroidal type, or a multi-speed transmission. 
[0117] According to one aspect of the present inven- 
tion, an auxiliary transmission for transmitting rotation 
from a prime mover to a main transmission, comprises; 

(a) a planetary gear set which includes, a first rotating 
member serving as an input member to receive rotation 
from a prime mover in the low speed select state, a sec- 
ond rotating member serving as an output member to 
deliver rotation by being driven by the input member in 
the low speed select state, and a third rotating member 
serving as a reaction member held in the low speed se- 
lect stdte for speed reduction and torque multiplication; 

(b) a holding device to pemnit rotation of the third rotating 
member serving as the reaction member of the plane- 
tary gear set in a first rotational direction in the high 
speed select state for effecting direct drive, and to hold 
the third rotating member to prevent rotation of the third 
rotating member In a second rotational direction in the 
low speed select state to effect speed reduction and 
torque increase; and (c) a high speed select clutch to 
connect two of the first, second and third rotating mem- 
bers of the planetary gear set in the high speed select 
state. The planetary gear set may be a simple planetary 
gear set, or may be a double pinion planetary gear set. 
[0118] Dampers 27, 28 and 41 serves damping 
means for providing a damping characteristic. Low 
speed damper 28 serves as damping means for provid- 
ing a damper characteristic in the low speed transmis- 
sion path. At least high speed select clutch 24 can serve 
as bypassing means for fomriing a bypass transmission 
path bypassing the low speed transmission path. 
[0119] This application is based on prior Japanese 
Patent Applications: (i) No. 2001-142637 filed in Japan 
on May 14, 2001; (ii) No. 2001-142653 filed in Japan on 
May 14; 2001; (iii) No. 2001-142650 filed in Japan on 



May 14, 2001; and (iv) No. 2001-325049 filed in Japan 
on October 23, 2001 . The entire contents of these Jap- 
anese Patent Applications are hereby incorporated by 
reference. 

s [0120] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occurto those skilled 

10 in the art in light of the above teachings. The scope of 
the Invention Is defined with reference to the following 
claims. 



1 . A transmission apparatus comprising: 

an auxiliary transmission (20) which is adapted 
20 to be connected with a main transmission (80), 

and which comprises; 

a low speed damper (28) which has a damper 
characteristic for a low speed select state of the 
auxiliary transmission, and which is disposed 
25 in a low speed transmission path used for trans- 

mission of torque In the low speed select state 
of the auxiliary transmission; and 
a bypass member defining a bypass transmis- 
sion path bypassing the low speed damper, the 
30 bypass transmission path being a torque path 

used for transmission of torque In a high speed 
select state of the auxiliary transmission. 

2. The transmission apparatus as claimed in Claim 1 , 
35 wherein the auxiliary transmission (20) further com- 
prises: 

a high speed damper (27) which has a damper 
characteristic for the high speed select state, 
"^0 and which is disposed in a common transmis- 

sion path used for transmission of torque in 
both of the low speed select state and the high 
speed select state of the auxiliary transmission . 

45 3. The transmission apparatus as claimed in Claim 1 
or2, wherein the auxiliary transmission has an input 
side for receiving input rotation and an output side 
for delivering output rotation to the main transmis- 
sion. 

50 

4. The transmission apparatus as claimed in Claim 2 
or 3 , wherein the auxiliary transmission further com- 
prises: 

55 a planetary gear set (23, 29) which includes, 

a first rotating member (23s, 23r, 23c, 29s, 29r, 
29c) serving as an input member to receive ro- 
tation from a prime mover in the low speed se- 



45 3. 



50 

4. 
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lect state, 

a second rotating member (23c, 23r, 23s, 29c, 
29r, 29s) serving as an output member to de- 
liver rotation by being driven by the input mem- 
ber in the low speed select state, and 
athird rotating member (23r, 23s, 23c, 29r, 29s, 
29c) serving as a reaction member held in the 
low speed select state for speed reduction and 
torque multiplication; and wherein the auxiliary 
transmission further comprises, 
a holding device (25, 30) to hold the reaction 
member of the planetary gear set In the low 
speed select state. 

5. The transmission apparatus as claimed in Claim 4, 
wherein the bypass member comprises, 

a high speed select clutch (24) to form the by- 
pass transmission path in the high speed select 
state in which the high speed select clutch is 
engaged. 

6. The transmission apparatus as claimed in Claim 5, 
wherein the high speed select clutch (24) is con- 
nected between two of the first, second and third 
rotating members of the planetary gear set (23, 29); 
the holding device is connected with the third rotat- 
ing member of the planetary gear set to permit ro- 
tation of the third rotating member in a first rotational 
direction in the high speed select state and to pre- 
vent rotation of the third rotating member in a sec- 
ond rotational direction in the low speed select 
state; the planetary gear set is in a speed reduction 
state effecting speed reduction and torque increase 
in the low speed select state in which the high speed 
select clutch is disengaged and the holding device 
(25, 30) is in a state to prevent rotation of the third 
rotating member in the second rotational direction; 
and the planetary gear set is in a direct drive state 
causing no change in speed and rotational direction 
between the input member and output member of 
the planetary gear set in the high speed select state 
In which the high speed select clutch is engaged to 
connect the two of the first, second and third rotating 
members and the holding device is in a state to per- 
mit rotation of the third rotating member in the first 
rotational direction. 

7. The transmission apparatus as claimed in Claim 4, 
5 or 6, wherein the holding device is a one-way 
clutch (25) to hold the third rotating member of the 
planetary gear set in the low speed select state to 
prevent rotation of the third rotating member in the 
second rotational direction which is opposite to a 
rotational direction of input rotation from the prime 
mover. 

8. The transmission apparatus as claimed In Claim 7, 



wherein the one-way clutch comprises an inner 
race fixed stationary, and an outer race (26o) con- 
nected with the third rotating member of the plane- 
tary gear set. 

5 

9. The transmission apparatus as claimed in Claim 4, 
5. 6, 7 or 8, wherein the planetary gear set is a sim- 
ple planetary gear set (23), the second rotating 
member serving as the output member is a planet 

10 carrier (23c) of the planetary gear set, the first ro- 
tating member serving as the input member is one 
of a sun gear (23s) and a ring gear (23r) of the plan- 
etary gear set, and the third rotating member serv- 
ing as the reaction member is the other of the sun 

IS gear and the ring gear. 

10. The transmission apparatus as claimed in Claim 9, 
wherein the high speed damper (27) and the low 
speed damper (28) are connected in series so that 

20 input rotation from the prime mover is transmitted 
through the high speed damper to the low speed 
damper in the low speed select state. 

1 1 . The transmission apparatus as claimed in Claim 1 0, 
25 wherein the high speed select clutch is connected 

between the high speed damper and the second ro- 
tating member (23s, 23r) serving as the output 
member of the planetary gear set, and arranged to 
transmit rotation from the high speed damper direct- 
so ly to the output member (23c) of the planetary gear 
set in the high speed select state. 

1 2. The transmission apparatus as claimed In Claim 1 1 , 
wherein the low speed damper (28) is connected 

35 with the sun gear (23s) which is the first rotating 
member serving as the Input member of the plane- 
tary gear set in the low speed select state, and the 
holding device Is connected with the ring gear (23r) 
which is the third rotating member serving as the 

40 reaction member of the planetary gear set in the low 
speed select state. 

13. The transmission apparatus as claimed in Claim 1 1 , 
wherein the low speed damper is connected with 

45 the ring gear which is the first rotating member serv- 
ing as the input member of the planetary gear set 
in the low speed select state, and the holding device 
is connected with the sun gear (23s) which is the 
third rotating member serving as the reaction mem- 

50 ber of the planetary gear set in the low speed select 
state. 

14. The transmission apparatus as claimed in Claim 9, 
wherein the auxiliary transmission is arranged to 

55 transmit rotation from an input terminal member 
(21 , 22) to an output terminal member (3) for deliv- 
ering rotation to the main transmission (4, 50, 80); 
and the high speed select clutch and the high speed 
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damper are connected in series to form a direct 
torque path from the input terminal member to the 
output temiinal member without passing through 
the planet carrier of the planetary gear set in the 
high speed select state. 

15. The transmission apparatus as claimed In Claim 14, 
wherein the high speed damper is connected be- 
tween the Input temriinal member and the first rotat- 
ing member serving as the input member of the 
planetary gear set; the low speed damper Is con- 
nected between the second rotating member serv- 
ing as the output member of the planetary gear set 
and the output terminal member; and the high 
speed select clutch is connected between the high 
speed damper and the output terminal member. 

1 6. The transmission apparatus as claimed in Claim 1 4. 
wherein the high speed damper is connected be- 
tween the second rotating member serving as the 
output member of the planetary gear set and the out 
temninai member; the low speed damper Is connect- 
ed between the Input temninai member and the first 
rotating member serving as the input member of the 
planetary gear set; and the high speed select clutch 
is connected between the Input temninai member 
and the high speed damper. 

17. The transmission apparatus as claimed in Claim 4, 
5, 6, 7 or 8, wherein the planetary gear set is a dou- 
ble pinion planetary gear set (29); the first rotating 
member serving as the input member is a planet 
carrier of the double pinion planetary gear set, the 
second rotating member serving as the output 
member is a ring gear (29r} of the double pinion 
planetary gear set, and the third rotating member 
serving as the reaction member is a sun gear (29s) 
of the double pinion planetary gear set; the high 
speed damper is connected with the low speed 
damper so that input rotation is transmitted through 
the high speed damper to the low speed damper; 
the low speed damper has an input side connected 
with the high speed damper and an output side con- 
nected with the planet carrier of the double pinion 
planetary gear set; the high speed select clutch is 
connected between the ring gear of the double plan- 
etary gear set and the input side of the low speed 
damper; and the holding device is a low speed se- 
lect brake (30) arranged to hold the sun gear of the 
double planetary gear set. 

18. The transmission apparatus as claimed in one of 
Claims 1-17, wherein 

the transmission apparatus comprises the main 
transmission (80) for a vehicle and the auxiliary 
transmission which is connected on an input 
side of the main transmission and which has the 



high speed select state and the low speed se- 
lect state for speed reduction; 
the main transmission comprises a friction ele- 
ment (4a, 4b) to bring the main transmission 
from a neutral state to a drive state; and 
the transmission apparatus further comprises 
a controlling section (31 -37) to control the fric- 
tion element to start the vehicle while putting 
the auxiliary transmission In the low speed se- 
lect state. 

1 9. The transmission apparatus as claimed in Claim 18, 
wherein 

the main transmission (80) comprises an auto- 
matic transmission mechanism (50), and a for- 
ward-reverse switching mechanism (4) which is 
connected between the auxiliary transmission 
(20) and the automatic transmission mecha- 
nism; 

the forward-reverse switching mechanism (4) 
comprises a forward friction engaging device 
(4a) to put the main transmission in a forward 
drive state when the fonward friction engaging 
device is engaged, and a reverse friction en- 
gaging device (4b) to put the main transmission 
In a reverse drive state when the reverse friction 
engaging device is engaged, and to put the 
main transmission in a neutral state when the 
forward friction engaging device and the re- 
verse friction engagement device are both dis- 
engaged; and 

the controlling section (31 -37) is configured to 
control the main transmission from the neutral 
state to the fonward drive state to start the ve- 
hicle forward, by bringing the friction element 
which Is the fonn/ard friction engaging device 
from an disengagement state to an engage- 
ment state while the auxiliary transmission Is In 
the low speed select state. 
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